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ABSTRACT 

PURPOSE: To obtain a crystalline silicon thin film with improved grain size 
and orientation controllability at relatively low temperature with high 
productibity, by forming the crystal growth surface of the 
non-single-crystal siUcon semiconductor film having crystallinity, to be 



formed on a substrate, almost into a (111) plane. 

CONSTITUTION: A silicon oxide film 21 to be a mask is formed on an 
amorphous silicon film 12 on a glass substrate 11. The silicon oxide film 
21 is patterned to obtain a required pattern, and a thin silicon oxide film 
20 is formed by ultraviolet irradiation in an oxygen atmosphere. Then the 
entire surface of the substrate is spin-coated with an acetate solution 
containmg nickel to form a uniform liquid film 14. Heat treatment is 
performed to accelerate crystallization of the amorphous silicon film 12. 
During this process, a crystal horizontally grows from the region 22 with 
nickel implanted to the region with no nickel implanted as shown by the 
arrow 23. Thereafter, the cover silicon oxide is stripped using buffer 
hydrofluoric acid, and laser crystallization is performed. Thus a highly 
(1 1 l)-oriented film is obtained. 
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a -tr 1, ^r . !^fi:% iSit: ^ -tt 6 c ^ ;:: J: !o ifir^tl 

:?'^.-*£^*J:ii^^DL-C. u-l^-'-l^^fb^s ( i l i ) SS 

b u-lf-Ma^itU/:: C 1 11) ia^Slli<^Si55^75S#v^ 
— t^^-fe^B-ftUfc (111) g^f^<7>055^^5?&^/^^,^'g?iJ-r 

^iir^l'igrL. (Ill) U^itmt'--m<tii^Z.btm 
Cl 1 1.) ^l^)A:m^^<^^z.t\z.m.^\^ 

[0 0 6 4] 2fc!')K^j3oi^TJi. mm<DmM^mm-r 

[0 0 6 5] ctorwrve>*r^<i:si>^i, ^WM^mit^ 
[0 0 6 6] ■^-rtmtl^X^^y'rMzr^M^ri^f^m 

[0 0 6 7] - (111) SHr^^4:6S^u^^^#f=v^^^• 

1 1 ) gEf^it^*r 0 . 6 7-1 (Df^x'^m^Lmm-t^ :l 

[ 0 0 6 8 ] • 7 V;/A/£Ji^^t#fe^.^^'^ 

[0 0 6 9] • ±tBco4^ra1coKrSH4^^-r^^^^fcv^ 



;n; ^(#53^7 - 321339 

I n iEf^it-^^o. 3 3 - 1 (7Drai-?fi.^:::^jt^-r^ - 

[0 0 7 01 • 'r:<ni!!!iir>^ts^^(r>^^mz^.^i^^ 
1?^: LTItS 0 0 A.i-b 3 0 0 Aa^cor^ir-^ft^ -Hfo 
f^r^;r^e:!)^<. ^fc 3 O O AJ^^T-r-fl^a^a^feS.-iSS 

[0 0 7 1 ] cfcw, m^<Dn^^^^^^^ti.xitiik 

ff^o 

[0 0 7 2] •^^%W^$<■r^^^. ^AD-t-S^^Tt 

[0 0 7 3] f^, ±B(Dmm^m<Dmiim%mm't^<D 

[0 0 7 4] 2js:^0JJC:fo*i,N-C(^, mmjiM b I.X =~ ^ 

t^. ^(7^m^mx'%^%m7tm(Dmmt\^xvt. 

<JiPt. Cu, Ag. Au, In, Sn, Pd. 
[0 0 7 5] ^fc. itei^jc^(D^A:^&fi, TK^i^-^T 

[0 0 7 61 X\-tMcm^. }:M<D^n^^^^%X.tL± 

xTFT\z.]:t^m-r^i7m^^\'-^x^m-t^. cir-erp 

:^^m^m^^^rt\-f.M^^^Bm^^^m^^x\.-fz^^j^ 
:^>y^;i'=t'iSk^^mL. 5 0 0 — 5 5 ox:m-^-r'4 

50 :/3ir;^*ti&^c;3i^'t'i~55-{->^i^:^^-C^?^ 't<o 



- 373 - 



(12) 

21 

TJi. 'mk¥-( S'^*:^t-^'^figS^>v.^^ (TF 
[0 0 7 7] 

i^Mm 1 : ^^-MMmi*. 1200 AiDm'itmmm^m 10 

[0 0 7 s \ mz\z:^'m^m\z.i6'.ir^{'^m:TM(Dmm^ 
>i/7;^®«i 1 (n-^^^^? 0 5 9. 1 

Ocm-;^) hOt^^B^mmmi 2 C:/7X^CVD<7?5 
OOAt^l^) ±iw-r;:^^<t;^i^,^{t:a^l[^2 1 (;^7/-<- 
^{tS^) *rlOOOAJ^i±. 2 0 0 Acol? 

${i^S^-t-^= rco^{l::^^]3^2 1 ^5!^.|f:irol.^-r^i, 

[0 0 7 9] ^L-rii^co:7^ s y y/N'i?--:^^xa 
;wJ:o'. ie>gi:-t--S^^^->J::^<t^l^l5^2 l ^r^-^- 

^^2 Of/^i'^i^ii. ^^^la^^'T'UVTt^ror^^BS^ 
t-'Sr t l^io-CiT'^^brL^, /^iorog£ft:^^^2 0 if? 
OJf:$li2 0-5 0 A^^^%:t?>rt5o (^3 
(A) ) 

[0 0 8 0 ] '(T^t^^J-iBV^T, 1 0 0 p p m(75— 
yU*r^WUfcg^^:^^je?*r 5 m 1 MT ( 1 0 c m^S^ 
iO^t-a-) -r^o ^TtrtT:)^. 5-^5 0 r pm 

Lfz^;=^':^-^-^ffll.^-C2 00 0 r pm. 6 0l^fo:>;^b:' 

0- 1 0 0 r pm(7?lE]^*:$it?'£a^otT7'^oT^,tl^\ 40 
(M3 (B) ) 

[0 0 8 1 ] ^L-C 5 5 (^^#IS^) . SB^r^ltTD 

tm^M^mrtz t'izx^. ^^iB^-^mim 1 2 (D^^Bit 

SOOmj/cm* £7>^^'!7— ^^T'K r F =:=3r>'-x' 
U— (2 4 8 nm) \ZX.^\^—f~10^i\:^n^t:.o . 50 



^?A^7 -3 2 1 3 3 9 

'*2 

[0 0 8 2] z<D^',z\^X^^hr\.f—:.')^:>^m^X'm^ 

^^n-:>X^tzbzh. (Ill) iar^lit^Ti^ 0 . 9 I 
7^. (Ill) ^\^^ii-^'^'^mi\^-^^-nhtiTz. 

[0 0 8 3] '.'mum 2 : ^'ms^mit. :^n^m \ t ^< 

0 A 1 8 0 0 Air> 2 mmx^Ltzmxh^.. 

[0 0 8 4] '^^tLXl-i.. xm^iffT^^^^ihti ( I 1 

n sef^Jti^;3o^^-r^i. 4 o o A^T^^f^,^ i . ot 

(111) m^<D^Xh^. 8 0 0 AtOl^;*Sl- 
fiO. 720^500 A;-it$SEL-C^T ( 1 11) iSfpJ 

[0 0 8 5] 3 : :^^jffi^j-?fi. ^B^Bfti^tb:^: 
-r^m^Ttm^T^mm'.^'^^^^x. ^^Bnmmmjt',^ 

nttim<^^wz:^\,^xi±m^m:^^ft^ . itiSEs^^vy 

[0 0 8 6] ms^r^Si/^r. n^f^Tcm (ZZXit^-y^ 
/^*r^^.^'5) ^m^A-t^ t Z^-^X^^m-r^, ^^SS 
fir5|!-i3(,N-Cfi. 1 tL-X^—==->:i^7 0 o 9:ffy 

-^Tt-etT^ic^ ^f* 1 0 0 mmX 1 0 0 mm 

[0 0 8 7] ^-r, I^^B^^ail 2*::7*7X-rCVD 
&-^L PCVD&i:iio-C 10 0-1 5 0 0 A^fM^ 

1 2^5 00 AO/? ^{'^^-r^o mo (A) ) 

[0 0 8 8] ^UT. ?5n,S.C^i^^{tJ3I*rmi9l^<fc 
i6J::7 y^^^fii/^, -?:co^^Yt:B^l 3*- 1 0 — 5 0 
A::isgJ^-r'5„ r^rLTSSffitg-r-t ^^jrfi. ^<t:^i 3 

[0 0 8 91 t^^:i3. z(Dmitm 1 3 nmmcotLibiE^ti: 
mmt^mxh^jttK 2 0Ammx^^t%:^^ri^. 
z zxi'±mm^mn^x(Dvvyt(om^'i:^x 'o m<tmi 
st^m-t^, ^m^m-i. mm^mm.^\zio\.^xvv 
^D^mmM^^zt'^z^-oxn^jt-oit, z<7:>m<tmi 
3<Df5SiE^:)jmtLxn. mmtm^m\^^^cDXi>x\.\ 

[0 0 9 0] Z<Dmtm 1 3 i-t. %<n=- >y^/y^^/uti 

m^m.mm^m^'t^xMx. $¥^B^mmiD^mi^i^ 
,^(D-h(DXh^. $¥^WMmm<Dmmizm.m^ 

t7!i^X^^£\^^. 

(0 0 9 1 ] ot*;::, ^y^/u<D^mi^^^^i¥^o 

:^^y^J\^iD^^i-t2 5 p pmi:i"6o -^LXZiD^miM. 
^*:^^B^^^i^l 2Ai(Dmtmi 3£O^SIl2m 1 
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23 

"tLX -^'di-—^^^ ^ (2 0 0 

Orpm, 6 0f» ^'ff';= (Ho (O , (D)) 
(0 0 9 2] y r/Utni^^Jt., 1 

[0 0 9 3] - CO— ■y-ir/t^i^t7:)-^-tTX^^, 10"-^ 
1 2 60^®;::^A-^aA^^^o!^f?^fii"o-*y^ 

[0 0 9 4] ±IS^?g?<?>'^-l!TO^, 1 5>P«1^to^^^^{^ 
(0 0 9 5] ^UT. ;^J□s^;f:p:ria^^-:. S^^ia^^J:: 
v-°^-i?^^i.^/tlSi^^7i>o^i^)fci:35, 9 8. 

8 4%-e^o7t„ 

[0 0 9 6] JhsB(7D;!lD^^^fi4 5 0 ^£i.J:(D?^-e=ff 

[0 0 9 7] #^^^^^H^±{-^ 

^(^^i-a-i^iii. tfriS(7:>il9 (111) SSf^i4:iS^^J-i^ 
[0 0 9 8] ;!ia^*Ii^{3J: !?-Sff5igBm*:^-r^^^i!I 

^ 2^^#;t'b. K r F^^v-^U— f (iSS2 4 8 n 
m, /-^yu^^-iliiS 0 n s e c) ^M^.#iaM^J:::*b%^X 2 
00~350mi/cm^ (7:>/n'!7— ^S^'T^v/ a 
•mmX'^t. 3 0 0 m J / c T' 1 -> 3 y S sgtt U . ^ 
^1^1 2^^^5:ii^a^a>fbiirL*:>^, ^OX^fi. 

[0 0 9 9] :L<Dmc\^x'i^ht\.fzjmiH\^^^-r^mn 

l^eir^fo (111) (2 2 0) (3 1 1) ^ 
mt.^^'O tmM^ty^. r7^!::ol^-C (ill) SSf^it 
^^rtf^-r-Si: 0; 4 0 5 <i: 9 7 vy^^^^S^TS^^Mii 

[0 10 0] imm^^. ^J60*j3;34oi,> 



;i3; ^f^W-l -'3, 2 13 3 9 

24 

T, lfe$^7C^-r^o^-y 5^^ui^^iS.S^ I p pmi: L."- 

^!! 2 (75 Jtr^ ^ i±:^ L T ;^ t < -t- ^ Z ^I^T'^ ^ - 

[0 10 1] S;::, u—if-^ts^B-flimtT^S^JN-^xlllHl^ff 
^rioXh^f^hz.^. W^^^f^^^f^(om\t, (1 1 
1 ) ^ffi]Jt^oS 0. 730i. (Ill) SBfS]f4</)S^35 

itm^oso. 4m^J::fg:TL-CiB'<). y J^f^m^tfii-^ 
20 X^^it, 

:mi&mo: :^nMmi-t. :^m'm^xm^'r^^m<Djj 
'^^mmi.xi'fmLtz^^B\^m^m%m\.^x. tft% 

m\^^^zt^^x^^. ^j^is. TFT(D!:r^mmmti.x 

[0 10 2] m? \:::^mMm<Di'^^xmiDmM^^'ro 

30 ^2 0 0 oA(7>i?$};i^;^-r^o z<om<mmm't. ^ 

[ 0 1 0 3 ] ^ t $¥^em:mmm^^m^\ 1 1 mm^^ 
^&T^5 0 oA*75/?^j3^fli-r^„ ^Lx. ^f^m^m 

mM<Dj^^izm^^mnx'<D\jv^<DmM'^:i x o x^ 

[ 0 1 0 4 ] ^ UT 2 5 p p m(7?=^ •i^v'U*:-^^ L^^ig^ 

{0 \Oo\.±.^mMM^no:Lt\:it-?X. 
'x'U— tf— ^^2 0 0 — 3 0 O m J/c , i^'^m 

x-jt3 0 0mj/cm2 xmi^-T^ :Lt\z.x.'o . mMm 

50 ^/^-C^i. S^^;4 0 OXM^'iZnm't^o :i<DXMXo 
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[0 10 6] f^:-. ^iBitLrz^m^^y<^''^>'^i. 

1 5 0 0 A. z z^'i'i 1 0 0 0 AiD^itmmm i o o ^ 

o= ([117 (A) ) 

[0 10 7] ±^m<tmmfs^\ 0 o<Di-fn'.^it^M7ih(i- 

;::S^ra^ l 5 0 - 6 0 0 'C, iif ^ L < ft 3 0 0 - 4 5 

ot;-r. RF^7X-^cvDfe-r-5^3?-it!iL;t, te 

OS i:^^coJE;^itJ±l : 1-1 : 3, ^tz. i3£;^fl 
0. 05-0. 5corr, RF/<^-!il 0 0 — 25 
OW^ tfXo tfJ^i'^ftTEOS^J^i^i LX:ty>^tf:^ 

S^7^^^3 5 0-6 0 O'C. iif^ L<fi4 0 0-5 5 

iS^-?4 0 0-6 0 0t;-?3 0 — 6 0:^T:=.— ;UU7t« 

[0 10 8] Z(DiimXK r F:=i^>-r-U-lf- (i^ 
:g:2 4 8 nm. y</u:^^2 0 n s e c) h^^^it-^n^t 
m^fjt^M^^mM-f-^ r t X% y =r 1 0 4 (7?^ 

[0 10 9] ^i7?m^ 2 0 0 0 A- 1 umCOT/U? 

A (Sc) *rO. 15-0. 2m 
7. 1 -S^^jCOfg^H^O^^UV^y 

tLx. mmmit%noo mmmiti-t. MW-^mmx- 

2 2 0 v^-ems^jbif , ^(^i^^t? 1 ^rsii^i^ UTJi^ 
T$-y:5c ^mMmx-i-t-^mm^nxit.. mjEoji^it 

1500-35 0 0 A 2 0 0 0 A<Dm^^it 

0 9^m^-t^o mr (b) ) 

[0 110] ^(DM. >f K-bi'V^^ Ct'^X-v K 

m =tr^X-r^o Y-^i^ini'P^bX.XVty.:^::^ 
-7^^ CPH! ) ^r^t^-So K— X^fl. 1 — 4X10 

[0 111] EI7 (c) •Jc.TT-rj; 9I::k r F = 

aev/-^'— U— if— (^g2 4 8 nm, 0ns 
e c) =^0glttrs. ±i5^^^^i^*75^AJwJ;orMfa 



:i4; it#r>3^ 7-321339 

26 

Tvu^— 1 50-400mJ/'cm^, ^ L < 
Ii2 0 0-2 5 Om J /c X'^^-. 3 9 LT, N«i 
^^i^ife (i^) ^^1 0 8. 1 0 9*rJf^sSc-r5, rn^t75 
®J^tO>- S?£Jn!i2 0 0-8 0 0 Q/Z^r£^ = 

[0.1 12] ztnxm::iib%^-r, +f-^^ffii^^f^ 

:7=7 -y > = 7>'^A:rt.mLT)S^raTi^ 1 0 0 0 

-i2oo'c c> y ^iv^^:?^— (T^^a^) 

. T^— /u) (RTF. ^ ■i^' S • f-— ^^-^ • 

[0113] ^W.Z.mf^^^^ 1 1 0 ^ LT, 

T EOS ^Jl^3^i LT, -nt^^.irtT^T'yX^C VD 

DJ£J:iJ:o'C^{t:^^l!^^/?^ 3 0 0 0 Aff^^-f-^^ S 
^tS.^fi2 5 0-4 5 or. ^!i;tl^, SoO'Cir-fSo 

^6ij;r«F^-r^c mi (d) ) 

[0 1 14] -^L-C, ^r^m^i^l 1 0^=i:x^;^i!^L 
20 -r. mi CE) ;::^-rj; ^irTFTt^y-^/ Ku-^'>' 
>coiagii 12.11 3^mj^'r?). 
[0 115] tK^'^'ts 0 0-4 0 or-c-0. 
1-2 Weir— —/uLt. '>y =1 vcDTK^^t^^T-r 

;::f^^L^#^(7>TFT^-^ h y i^;^4^!::SE^iJ-^Li6r 

rcoTFTti. y— :?^/'Ku4':^^^i 0 8/1 0 9 <!: 
^-t^.'Wf^^iSm^l 14^^LTV^^o :^fcl lo^^N 

[0 1 16] ;^^Sg^J(0^^*:$&^b/c^-^, rStiil'^' 
rzi ^/KDiSl^fi. 3X1 0 ^ ^ ^ m' ^ U^h 
lxiO'"3toms cm'^-SXlO 
■^atoms c i:%X.??3l"So 
[Oil 7] ;^^JS^!lX''P^ii^rL^TF.T{i, ^©^^^ 
Nf^-^'^/u-C7 5 c /V s J^i±^0^^^:i5^^t^i^xv^ 
^fcVM hyh^<^ii^fj:^^^^LX\r^^Zt^m 

^^mm \^fz^:^\z\'t. N^-f ^/uM-r i o o c / 
[0118] i%Mm 6 J ^'Mmm^-t. s<o=.y 

[0 1 1 9] l^^i: LXVt. ^i(j^;a5N^^'^wUTM 5. 
50 0 c /y s l^iJit^bi^zi^^esixfc^ ::H(:iJ§^B*S^ 
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(111) ^^^^h^^^lsM\^X'.^^tz.'ib. ^x<^^ 
^ C -r U ^ o n: 5rtgf±,ii^^ > Mil"] ^ tl^b , 
CO I 2 0] :^5a^j7: ^;^s^^?'J;l^^v^-r^i. giife^j 

ists^^Jr rill) Kr«Il4^Dlif^^#^ 

[0121] mB\z.i?i%w§\<r>m^xM^n^-t. ^-r, 

S^2 0l^^vtU, TEOS Ct^S^ • ^ h=Jf-V . 

Ti?^ 2 0 0 0 k<T)Wi^mm^y^m2 O 2 *rff^^£i- 

:7'^X-x'C VD&;ci:o-C. I?^ 3 0 0— 20 
1 5 0 0 A. ^'m&.m-^\t.A 0 0 At7:)KI4 (I ^) co^ 

B%^^^^2 0 3 yk\z:mmm^m.^ 500 

2 0 0 0 A. ^tjx.f^ 1000 k<r>mcmnm2 05^ 

[0 12 2] 't\^X%Mm2\Z.7f^\.1t^'-&\^^^m^^i\L 
=--y^}V(J^^m.\t \ 0 0 p pm-r'S?5o -etOftil. mmt^ 30 

[0123] r o^: ^^#[a^T^ 500 — 620 

5 j; ^ ;rs^;-^ur¥^T?:^:fe•fS]!'^B%5^:az^5ii^tt- 
^, miC^\.^Xi^mi^2 0 4fi--y^/U;65iL^^A^n 

^^'T^-To rco2 0 3T'^^n^^;^f$]--(??^^ti, 2 

5 /I mg^T-tfb^o- (1^8 (A) ) 
[0 12 4] ±^mMm'<:iX^^^B^tXM(Omz.^h 

izu'-^-^fT^mm^x vmmm2 0 st^^^^^^^s 
[0 12 5] i^cic. m^tmmm2o o^^^-r^. z<d 



"S; 1^53^ 7 - 3 2 1 3 3 9 

^■^/f^v^^LX, ai:t^tOr§il^^J^2 0 8^?f5fiei-o = 
Z.<nn. MS (A) -r-2 0 ni-y ^r 

j\-ti^m.^m^K^ritzmi^Xh^ . ^-yr/u^jJi^igS:;?^ 

[0126] 1 0 6^m%07f<:^^%#t.- 1 0 

5 0 O-'S 0 0'C(75. P:^9^{-f±a 5 O'CtT^SS 

^I^=;rio^^rs \nf^WLm:^^zt\z.x-^x. m'rm 
immm) 2 osco^s^^it^-ft. mit^mm2Qs 

m<t\zx^xmtmmm2 0 9%m^Lti<Dib. mm 

Tv-^-r^ffl^ ci 1 0 0 %) . 4 0 or 
'.zim^^^, ^Lx. z(D^mxmm\zMLx. mm 

0. 6--4 u nix 0!!;tl:f. 0. 8 — 1. 4um;re— ^ 

% b *r 3 0-1 8 0 #.9?,^ L. mitmmm 2 0 

1-1 0%OHC 1 ^?^AUT^ cms (BM 
[0 1 2 7] ^l^^v^r. :^^<yi^ V i^i^mzx-oX. 
i?^3 0 0 0-8 00 0A. ^!i;tf^6 0 00Ac7)ryW5 
— (0. 0 1—0. 2%co::^:^'^-:P'pJ^^'^tj^) 

^-r hmm2 10 ^ms^-r^, ms (o ) 

[0 12 8] ^oir, -(T?/';^^ ni^Acom^co^cffl^ 

^mm^tLx. mmzmimm2 1 1 ^ffM-f'S, 
—/i^mm^xn'?. "^^r^^mit^m2 \ i<Dm^\-t2 

OOOAT^So ''jriJ, ro^{t:^2 1 1 ti, 
(D) ) 

[0 1 2 9] iSfeic, ^^>K-=:'v^fe Ctt-^X-^K-. 
i::^>^&T-i)cl:v^) t^^or. rSf^;!^:® (y-;:^/^ 

*3<^-f S^^2 1 0 i:-$r(Oj^iatO^>fl:;i2 1 1 ^-^y^C^ 

-rv (PHj ) ;(raji^$:6 0-9 0 kV, -^J 

;t{^8 0 k Vir-rSo K-Xl:fi i x 1 0-'-8x 1 0 

4 X 1 o-= c m-'.i:-r-So rco^ 

ismay^^mn^ 2 l 2 2 l 3 ^JF^^t-^ - b 
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[0 13 0] ^tom. i^— ^-TttT^.TOllioTT-- 
— (iB^S2 4 8 nm, /<yu^(f<i2 0 n s e c ) > 

^;g,-3S2 0 0-4 0 Om J/c , 
^i;tl^2 5 Om J/cm^ > L, -;3*0f 2 - 1 0 

iDm^^i^m^^ 2 0 0^-4 5 0 t;m^;c^n^-r ^ r t 

iwior. ^Sl^*r±i±^Li6Tb (118 (E) ) 

[0 1 3 1 ] ^iN-c. m^6o o_oA(Dm<tmmm2 i 

[0 13 2] ^LX. mmi^mL^2 14. 2 1 5;::3>' 

2 17, 2 1 8%B^-r^. mw^z^ i^oT^m^m 

(F) ) 

Co 1 3 3] :^nMmxifmLf:iTFTi^m^mm^'^ 
m^mm:<D h'7^y<-\3im'izmm-r^ r ti^^xt ^„ m so 

i^6*j}Cfi^i{j^a5N5^^^yi^--2 5 0 c /V s 

[0134] c^sfefiaj 8 J :^nmm\t. m^m 7 <om^ 
^^:^^*:OCD^m^^fc:)7mzmm.L±h(r>X'h^. 
fip%, 5 0 0 A<Dmi± ( I m (D^^nmmm2 0 3<d 
wzmi^^izmf^i^tzm^ 5 0 0-^2 0 0 0 A. m^\t 
ioooA<Dmitmmm2 0 5^'^mL. ^<D{ttyK)'.z 

-'^y^/x^^^^^^tcSOCm. z:zX'i^M^}t^(D 
OCD Type-2 <Dy>h—y(OU-^ Si -5 
9 0 0 0-SG^ffii.\ ZiD^'iZz^y^jU-it-^!^^^^ 

'^^^ h Lx$^m\zm^^m^m^mj^L. ^<d'^\zoc d 

t^^nm-r€^ t ZC0JiWiZ:i3\,sX^\Z:=^y^/i.7!)>^^ 

^m^iz^^Lx otzi6'^^.^'^'Z^mx'$>^. ^ 

tz. :t:/:^izx^X±s^Lit$¥-^izm\^^m<tmit-<o^ 

^Ti:mzi3i-f^^Wc(Dy<v ^-tLxi^mL. zha^ 



. 1^63^7 - 3 2 1 3 3 9 

m\.-m-^:z>t2 s ovx^^7t^j^:z^'y y^\.7)^^^i,xL 

#ortfrTFTcOif#l^;t5?5g{?ij7oOi^i^vf5]^ 
Xh-ofz. ^#orlf-T FT(7>y*— sgjj^^^l^U. •?■(/:) 

-6. (2 0 0) S£f^i:^£o-Ci/^^z<i:/>^}|iJ^rL 

CO 1 3 5] 'Mnm^: ^^m^mn. :ff=TP^m^±'.z 
B!^^zitz}^^Bitmmm^m\.^tzp^-Y^^^^^r f t 

(PTFTi^,^^) tN^^-r^A^TFT (NTFTi 

i'^^) t^nmsiizm^-^f:>^tLm^%mB^-r^mx$D 

(=1— - >:/7 0 5 9) 3 0 1 J:Jr;^y^-^^ y >^ 

^icioTJ?^ 2 0 0 0 A<7^m<tmm<DTmm3 02^ 

oXJfe^^tifz-r:^^ 3 0 S^skif^^ -(^-^^^3 0 
3Ji, 3 0 OO^^r-;^ y S*^:rT±tfe^3 0 2 *:^M 
^i^So HP*J. 1^10 (A) Ot^^*r±S;i>e)^-5 
V -y hmzTmm3 0 2Ji^MLT:fo!?, Ml^SU^Ji^ 

CO 1 3 6] _biE-^;^^'3 0 3*ri3:ftfcm, ;=^y^'^^y 
^^mzX^X. i^^S-eOOA, '6?iJ;tf:f 2 0 Aoa 
{t-^y-ir/i^i?^ (-fh^^N i S i I . 0. 4^xS2. 

5. m^it. x = 2. 0) ^ 3 0 0 (Dmm'^zm^^izi^ 

[0 13 7] o#*}Z, >^^X-7CVD&J-J:o-C. i?^ 
500-1500 A, 0ij:tf^l 0 0 0 A(DM^ (iW) 

■ <o^^B^mm3 0 4 ^^j^-r^„ ^ lx. zz^^y^^m 

Il7c#IS^T (^? ^ L < fi. 7K^(?5:9-jE;is 0 . 1 - i ^ 
5 5 or. ^/ifi^i5ti#(S^^t (:^^) , 5 
5 or. -c-4 WB'5r--/utr^^s'f[:$i±-^<, rto^, 
40 m^t^^^^jumr^m^^izmm^tifz 300 cDmittr:^ 
(/^-cft. &^3 0 iizMLxm\E:^\^\z0^BWmmm3 
0 4<om^B<t^*^^z.^. -e-Lx, ^^3 0 oj;u^(750^ 
xi-t. ^^3 0 ox^-rxoiz. mm3 oot}^t^m:^m 

[0138] ±IS,XM<D^^. ^^^mm3 0 4 ^^ 

^^t^-frT. m^B^mmm^n^z.t7!)*^x^^, ^<D 

m> :=^^^''y^y>^&i3j;oTJ?^l OOOAo^fk^ 

^^3 0 6^y^ h^mmt Lxn^m-t^. y^y<-y^]) 
>^\z\t^. 9-^^yvt\.xmi}::Mm^m\.^. y^^<y9 

50 ]) >^m<Dm^Um-±2 0 0 — 4 0 or. ^i^}^3 5 0 
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31 



32 



-J/m.m=o~-o. 5. m^-^o. lin-rt-fi,.. *t 

6 0 0 0-8 0 0 0 A- ^U!i6 0 00A«r/W-, /O 
^^J. (0 1 -2''oWv y ^V^r^t.') *.i5)tiis-i-^. 
(0 1401-eu-r, r.ui^^^w^-^^-=^^^- 
- y^'-sffiaoT. 3 09em<&-r%. - 

/V 5 - -i-^aswss - ^^^^^"^ """^ ■ *® 
ft»g3 0 8,31 o*«Be-r5= -nmrnm^tii. m 

^^ #a,?tfc®5<l:ia®3 0 8. 3 1 0<75«^1±2 0 0 
0 AX-*,ofc. ''i*^- 3 0 8 3 1 0 1 1*. 

[0 14 11 fti^^-^^^i-^^-^--^;**??; 

^ ^~nm3 0 s k^<r>mm<om<tm3 1 o^-^^^'fci- 

y^h\.x. yi^y^-7-'ry (phi ) (b 
: H. ) &«<'V 6ti«ro«-^ii. jnaaffi*6 0~9 0 

V. mi^eokvfc-rso K-;.aiiixio' = ~8 

Xl0--cm-'. fi**r2Xl0'=cm-', *f 

3g*.5X l 0^^ti-5. K-'.-V^'i-Sgtrii- 

%fflSE3 14i:3l6, PS!o^*e*ffi«3 11^3 1 
SasjgsS^K, P^^^^uffiTFT (FT FT) <0«a« 
i- vi^^^yvSTFT (NT FT) iroffl^Sr^Sgr?. 

t "C ^ o 

lo 1 4 21 °-?rro«. w-4?-3twRa9t;^J:o-CT-- 40 
(ffiS2 4 8 nm. ^^/V?;ffi2 0n s e c) trffl^^fc 

#1-^ 3;4-wWi?-aiSA^2 0 0~4 0 0mJ/ciii' . 
«rri2 5.0 m J / c i t, -*>0f!^o* 2 ~ 1 0 
" ->3 h, OT^tf 2v 3 •;' y^mrt^. 

2 0 0-4 5 0 t;a«!-iD«ii-5 - t 



11 '-3 13. $ib;=:iN^«^'^5^s**='''~*~^* 
nri'T;^«)«a«£3 1 4i:3'l 6!i. sa;;gt*<l:S-*o 

"( 0 "l 4 "j T'-'^I*-- ^ • ^ ""^ 

«-!i«iRSn^-^< - 1 0 0 OSWi^ffiT^-/"-:; 

[0 1 4 41 SE''^'. ®^6 0 00AWS£m^^a^3 1 

;t ii~ 2<t:^*' > t r 5 =• ■? AOT^SKi- J: o -r T F 

Troaffi-ga«S3 1 7, 3 2 0, 3 1 9*rfl?B2^?>= ft 

i«tffiro**«:ia«-^3 5 0=c, so^^ror-- 
bfc. (aio (D) ) 

[0 14 51 PTFTiNTFTi 

v'-c, 2oroTFT*iaBtC<'?'!', ^^i-c^Bfi-s^i 
iii?), aS:UfcTFT*r2ora»»l-'l^Si-r5ri:*j^ 

(0 14 61 1111!-, 010 (D) SrJiE*>.= «.ft:«S* 
^-t- |gn'C*3it.5?S-§-liS110«lf^i:^*ffE:-*-5= Sll 

^:a^fc•»*^6]) !C*SftB£S*>^tl^^-^<'^S- 

roTFTca<t»»-Kv^^^ ^^r y Tt4y-=^/ KW 
5 BP% if-*- y r!iiVttfc«.<'M4tt«<^«*<^'«*®^ 

[0 14 71 *5eiS^fiJ!-*5''^'^«- N i 

i b-^, |^^®^S«3 0 4TOT»K3 0 2±l--^«i 
Ss,tCNri*-»K (Si6X^''^ro^- ffii:LX««-*-?.C 

^.^j^^^^^^ffi #PS^^8^ 3 0 4 ^rJKBS 

- rolP^alSasB^S 0,4 cpirSSifticaA 
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[0 14 8] :%Mm\o: ^^sspu*. r^^^y^^ 
^ ^ tw^^-r:^ < p ^-^^ twu S-r- b X > - ^ J^t' ^ ^ ^ 

(0 1-4 9] ;$:^^SS{?'J(75{'mr^<7:'*S»S^llil21^.-i^-r„ 
52^9y^m^»^l- 1mm, 3 0 0 X 4 0 0m 

m) ^-r. r^m4 0 2 (m<tmm) 

/<o,^ y 0 0 0 At^J?$;-?f$'5S't"^» ^<D% 

s^tm^-r^, ^LT. y v:/^ilwi'9^^t:- 
r<7:)J:9i::U-c. iM^^c^ili 4 0 4 i^^^l:^ 

[0 150] LPCVD&tiU<J-:7':7X-7C 
VD^-;?^a:^^S^4 0 5^1 00 0 A<Dm^l=.B^ 

TC^IS^T ($?^ U < i-t. 7Km<D^i^ti^ 0.1-1^ 30 
. 5 5 0r-:?4^r.Wofc» ^fcCOMTr.-/V 

[0 15 1] r(7?T^-/vxmirib*u^-r, ^^b^^^s^ 

(D^. 11112 (B) (D^^X'f^-rX^i:^. W^c^^y'TJvt^ 
^m^T(\^x\.^^W7^ 4 0 4■r-^^^ ^^4 o i \z.^^-)i^ 

^ (mi^4 0 4i^X^(Om^) i^^^fci'^'CJt, S^J-jPfU^ 40 

[0 15 2] :Lo\^X.^iBW^mx,'0fl^^^^^4. 
0 5*r1#-5^i;55-:'#S, JiI5^^<$:H^4 0 5*: 

jc^^C<t;i^m^-Cfc-5„ 11112 (B) 

^O^iS?F15;5^^^9^^i::S^^-^ (^^) T-5>^^'^. 



^5^31 7 -3 2 1 3 3 9 

[0 1 5 31 5o;^-S^ .inS^rv • vv> (TEO 

j:oC. ^{t:^^(ny^ S^.^^ C?^ 7 0 - 1 2 0 n 
1 0 0 n m) 4 0 6 ^f^'^^'t^. SffifU 
y *rliSih-r^?t^6ir 4 0 O^J^i 
r , ^ t < ;* 2 0 0 — 3 5 0 i: 
[0 15 4] 'tiSc;::. <i-^<T^'^y') -'y^^^%>^ X^fzM^ 

y^m^4 0 8. ^-\'^^/^ff^5gmi^4 0 9. Ku-O-tgiSS 
4 1 0^?i$ES-t-^= ^t-r. K r F ^-^*rBB#t^ 

(;5-^7U^-vS^fi2 5 0 — 3 0 Om J/cm2 i-f" 
KU-rVfT^v— S^g^iiS 0 0-8 0 0 Q/cm^ i:?'^ 

[0 15 5] -^(^^s ^ii:^^:iJ:o-c;i^sfe.^2^4 i 

l%?f$fi£U> iiii^mi^4 1 2 *r I TOICJzoX 

|gTm-m4 13,41 4^?f?i5£U, -(D^*3-;^(7?m^ 
4 1 4til T04 1 2;:iio^^-r^J: ^-l^l-rSo 

7K^^i-r"2 0 0-3 0 o"t:T'2 0#fsir^--'i-u-c, 
n>co7K^{t:^^Ti"^o 5 i^bt. TFT 

[0 1 5 6] :*:^iS^!!-t:'('^^L'fcTFTfi, V-^tS 
i: U-C, ^-^^ y ro»ftri.^>^f^f-^^B^^^"'^^^^^* 

^Wim^m^^-rFr^m^:Lttix^ft. :^Mmmx'i'f 

iSiUfcT F T»"iN'?:-^'^>'i^^'^^ > ^ 
0-130 (cm^ /Vs) -r-^o:t. t?£5feco600 

fc^^vy =t:^5^^^o^y:lN^-V^^/^STFTic^®] 
8 0- 1 0 0 (cm^ /Vs) -t^^oTt Z ^it^JS 

[0.1 5 7] ^/-±I2tOX^i:[^^=^=e<'^M;^i£S^J:-^ 

P^-^^;u§iTFT*:f^iit. ^(7?^itJ^*:i»J^t- 
;5i:. 5 0-8 0 (cm2 /Vs) "C^ofCo 
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oxnhn rz^^Bi±m^m^ mi p ^ -^^ ^ x f t 

IZW'&T}'^. 3 0-60 (cm- /Vs^ h fz Z t :z 

[0 1 5 3] :n^mu: ^^mmmit. 'mm^i^oizTTk-r 

-rmmzi6\.^x. ^;rTFT*-^(7)=t ^/^isj^^i^tt^ , 
(0 15 91 :n-m,m\i: ^n^m\t.. %m.m\^\z7ri'r 

mj^\z^\>^X. TFT^r^it^f^t (ZZX\±)/-^X 

EG 1 6 0] ^m<DXo\Z. ^B^B£^^S^[^J:i^^y T 

[0 1 6 1 1 ^ZX. Z<r>2o<D^'m<Of^X% IP*j^^ 
^£S;^fS]i:=^-Y y To^ffii-r'5;7f^i:<7?:^^%0-9 0 

m^m'^-r^ztt^x^^, ^fzmjinjf^-t^t^h 

m.^^'^-r^zt\z^^. ^j-:^/ vx^^ i^mm^<om: 
^%unx^^zt\zfi^, 0i^z<Dmm-t. irn wz. 
yr^-rm^\z%,mm-r:hzti)-x^^^ z(Dm'^. ^ \ i 

^ZTfi-tPs ^) ^y}^^(n:^ >y ^jU^±mm^ 3 0 0 0 - 

9 0= (Dmmxmmi.. ^fna 0 5-t-^-r^^a(oj5ScS;^ 

\^b. y-;^/KWv®igc^^-^^i:<^^^755o~9 
0' ^ia-?i§ifi^n6- iJ-?'^^^ 

0" JCi£;,^#^Jl^ife^7JJ.:^t <. y->^/Kw 

[0162] 

^i:¥T\znm-t^\zn\^X. TFTf^^^tb-r^^-r 
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10 



20 



30 



40 



[0 16 3] ^fr, Sis:z^^f"^:c^rS]:zs^B^0fi[£SL;"i^ 

X^^LX^^^^X\ Z^miSl^^:1'XTFr^Bi&-r 

ztt^x^^. ^h\z^ nmTtm^'^xLxi&i^x^m 
mxm^B^t^-^. ^^'^z\^—^-^t,tzit^it^mmL 
tzm^B^tmmm^m^^^x. ^-^^i^mm^im-r^zt 
X. ^m^^-m<. ^^^x^^y'^<'^y^^m^zt73^x 

mi] •^^a^mmm\zjr6if^^m^(nm^7tm^m 

m2] 'i^^B<tmm%mM-t^^7'^i^mx^^, 
m 3 ] mmm(o^mi:m^7^-r. 

(1151 m^m'^i-mji-^^^-t. 

(me 1 m^a^mmm<Dxmmm<D^^^yr:'t, 

[iu 8 1 mmm(oi'fmi:^^^T. 

m 9 ] m^a^mm^<Df^mi:uz\^^(nmm^7T^-r, 

[Ell 11 ^Sffl^yosJ^^.T^-fo 
[mi 2] Mmm<Dimi:u^^ir^ 

(Ell 3] ^^^O^fa^it*r^f^^-C5>-Sc 

[EiMi mmm<Dm^Bm^:M^yT:i-^Mxh^. 
m\^] mmm(D'i^^mm.^yf^'r^Mxh^. 

[ El 1 6 ] ^#SI(^i^fs:fe"f4 L ^im^El-r tftj 
[mi 7] ^^S^^O-*;/^>'i-i^ig-^*r^-t-o 

[mis] mmmm<DV^m ^yi^-r^Mxh h . 

[ m ] 9 1 mmm(D t^^Bitmrn %7ri.fzm^mx^^. 
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